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Modern Alchemy: Discovery of transmutation, (Soddy 1901)

In 1901, twenty-four year-old chemist Frederick Soddy and
Ernest Rutherford were attempting to identify a mysterious
gas that wafted from samples of radioactive thorium oxide.
They suspected that this gas—they called it an
“‘emanation”—held a key to the recently discovered
phenomenon of radioactivity. Soddy had passed the
puzzling gas over a series of powerful chemical reagents,
heated white-hot. When no reactions took place, he came
to a startling realization. As he told his biographer many
years later....

Frederic Soddy

| remember quite well standing there transfixed as
though stunned by the colossal import of the thing
and blurting out- or so it seemed at the time:
“Rutherford, this is transmutation: the thorium is
disintegrating and transmuting itself into argon
gas‘. Rutherford’s reply was typically aware of
more practical implications,“For Mike's sake,
Soddy, don‘t call it transmutation. They‘ll have our
our heads off as alchemists“

*quoted in Pioneer, pp 83-84
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Simple radioactive decay..
Basic equation first identified by Rutherford
dQ/dt = -kQ (1)

Q 1s the number of atoms, Kk is the decay constant
(probability per unit time that a nucleus will decay):

k=1In2 /7
where 7 Is the half-live. Solution of Eq.1...
QM) =Q(0)e* or  Q(t) =Q(0) 2"
Activity..
A(t) =k Q(Y)
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Successive radioactive decay with branching and source terms

The differential equations governing
the above processes:

Sl _ k{_h)] ’ Ql ’
52 +kQI-Q2 - Q) _kQZ - Qs

S." + k(j,- 1.0 Qf 1 — k(j,- ' Qr .
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[iead 31 Februwry 1920,

L It buy beew shown by Prcf Eutherford * shat the smouris
of the priwary substance and the different peeducts in a given
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on & varable £ ard conuested with the
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* Rwliz-aokenty, 2ud edition, p. 552,
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0; (0)e &

[T(k, -

r=j

Exact solution:

j=n-1

O, (1) = I_[ SNE 12—

First few terms...
Q)= Q,(0)e ™

0, () et Q0 (0)e
0y =k, 20— 2O¢e 7
A: — :{] "ﬂ'-l _ ;‘:

Q; (0)e ™1 Q, (0)ye !
ko — k1) (ks — k) (h—fa’z)(k;—f\'z_}

Q1 (D) e ™ }
(k) — k3) (ky — k3)
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Decay Tree Linear Chains
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Time Unit Decay Time
Minutes 30.98

Calculation details

Nurmber of timesteps:
Starting quantity Final quantity unit

Mass 1.0000e+5 1.54E+15 Becguerel

210

Acturacy Factor
Distance (omy

Start Reset Create Muclide Wixture Number of Inear chains:

84 P0218 31Tm LB 262E+05 877E+02 2 BBE+08 a.09E+04

82 Ph214 268m - 1.36E+08 5.85E+04 1.32E+08 1.32E+08
. . B3 BI214 199 B11E+OT7 4 T1E+04 A10E+07 a10E+07

Decay Engine Options Decay Tree : "

84 Po21d 1.6E2 ps 1.11E+01 4.T1E+04 510E+07 a

82 P20 2247y - S10E+07 5.05E-02 320E+01 320E+01

B3 BI210 A.01d

]

Decay of 1.0000e+6 Bq 84 Po 218 during 30.98 min e oo

Numbers v

—+— 84P0218  —e— B2Pb214  —e— 836214 —e— B2PD210 Time: 1497 minutes_(19)
&2 Pb206 Stable stable «— 83Bi210 2 Hed Stable Total

84 Po210 14E2d

84P0213 | 0.44e+6

Time Unit Decay, e
Years faad3

|

202141950+
2 Hed Stable stable 83BI214 | 5.14esT

92p0210 121607
Total 83Bi210 322

2He4 Stable 271648
Total 539049

]

Starting quantity Final quantity Unit
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Teevetecnegy, .

N (number of atoms) (10*6)
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R A
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oo APPSR A

Start s S e ‘
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Type of graph:
Activities
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Start a calculation using default values.... nuc|eon.ca'-.-
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Slider control for easy reading graph values...

N (number of atoms) (1046)

Decay of 1e6 Bq 84 Po 218 during 8.10E+01 min

—a— 82 Pb214 —sa— 83 Bi214 —a— 84 Po214 —sa— 32 Pb210
—s— 83 Bi210 2 Hed Stable

t [Minutes]

Mumbers v
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B2 Ph214 1.0Ge+8
B3 Bi24 8.33e+7
84 Po214 11.4

82 Ph210 T.B4e+T
gaBiz0 68.4

2Hed Stable | 3.46e+8
Total: B.15e+8
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Polonium Po

Polonium

(Puoland, native country of Mme. Curie). Polonium was the first element
discovered by Mme. Curie in 1898 while seeking the cause of radioactivity of
pitchblend from Joachimsthal, Bohemia. The electroscope showed it separating
with bismuth. Polonium is also called Radium F. Polonium is a very rare natural
element. Uranium ores contain only about 100 micrograms of the element per
ton. Its abundance is only about 0.2% of that of radium. In 1934, it was found
that when natural bismuth (EDSEH) was bombarded by neutrons, 210gj, the parent
of polonium, was obtained. Milligram armounts of polonium may now be prepared
this way, by using the high neutron fluxes of nuclear reactore. Polonium-210 is a
low-melting, fairly volatile metal, 50% of which is vaporized in air in 45 hours at
55C. It is an alpha emitter with a half-life of 135.39 days. A milligram emits as
many alpha particles as 5 g of radium. The energy released by its decay is so
large (14EIVWg);I o el

temperature ab

)
i

Mixture selector

Decay Tree

Time Unit

Minutes

Decay Time
30,95

Starting quantity

Set 1.0000e+6

Final quantity Unit

Ry Becquerel

quantity

Start Reset

Type of graph:
Activities

Select the value
to be plotted on
a graph

Set the number of timesteps.
To plot a graph up to 40
timesteps can be used.

s

Calculation details

Mutnkber of timesteps:
Accuracy Factor:
Distance (cm):

Mumker of linear chains:

Set the accuracy of the calculation.
Default value 1E-2 gives at least the
main chain.Min. Zero value gives
all chains!
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Download

Days v 215E02

Decay Engine
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.
¥ | s | Nuclide Midures Selector
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Accuracy Factor:

Humber of timeste)

Startin backgrougd

26.8m 1

0.99979; 2.10E-04; 3.00E-05
1.6E2 p= 1

Im 0.99981; 1.90E-04

19.9m

1.3m 0.995933; 7.00E-05
1485 0.995; 1.00E-03

2247y
M\ ms 1

1,1.90E-08
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1.4E2d 1
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stable

stahle

@Excel (JCSY  Separator: | Semicolon {7y v [¥]Use field qualifier (")

Humber of chains: |23

Create Nuclide Mijture

2TEE+21
1.40E+21
8.36E+20
1.158E+14
271E+18
1.12E+16
4 19E+12
5.25E+20
9.77E+07
J.29E+14
B.T0E+12
2.39E+11
3.64E+06
1.34E+06
2.36E+11
4 B0E+06
0

9.78E-M
497E-01
297E-M
4.07E-08
9.81E-04
391E-06
1.52E-08
1.83EM
3.54E-14
1.18E-07
2.32E-08
8.35E-11
1.24E-15
4 5B8E-16
2.21E-11
1.64E-15
0

Element Mass

Pa  [+] 218 [=]

Mixture selector

Decay Engine Options Decay Tree

Decay tree of 84 Po 218 consisting of 3 Decay chains
Accuracy factor: 1e-4

=-84 Po218: 2Z.61E+05 atoms
5-82 Pb214: 1.36E+08 atoms
£5-83 Bi214: 8.11E+07 atoms
-84 Po214: 1.11E+01 atoms
82 Pb210: 5 10E+07 atoms.
83 Bi210: 3.20E+01 atoms
584 Po210: 0.00E+00 atoms
-82 PD206 Stable: 0.00E+00 atoms
|--Prod = 1.00E+00
otal = 2 6BE+D8 atoms
L AP TI210: 1.09E+03 atoms
/Tsz PD210: 9.63E+03 atoms
5-83 Bi210: 0.00E+00 atoms
-84 Po210: 0.00E+00 atoms.
%1-82 Pb206 Stable: 0 DOE+00 atoms
\-Frod = 2. 10E-04

/

Total = 2.17E+08 atoms

=5-85 AL218: 0.00E+00 atoms
83 Bi214: 2 D4E+04 atoms
-84 Po214: 0 DOE=00 atoms
82 Pb210° 3 04E+04 atoms.
583 Bi210: 0.00E+00 atoms
584 Po210: 0.00E+00 atoms
-82 PD206 Stable: 0.00E+00 atoms
}--Prod = 1.90E-04
otal = 3 12E+05 atoms

1.88E+18
6.03E+1T
4.85E117
4.85E+17
1.01E+18
9.97E+13
1.94E+12
5.20E+11
1.94E+09
5.26E+08
3.96E+08
1.39E+04
S.16E+03
3.BBE+03
273E-16

0

0

Click on the column
title to arrange the
data in ascending

/descending order on

the parameter chosen

nucleomca.'.'



http://www.nucleonica.net:81/wiki/index.php/Image:Nucleonica_logo.jpg

Decay engine
84 Polonium

Guestions, remarks, suggestions can be posted

Current Chart: Karlsruhe

Elemerit Mazs

Po v 218

Decap Engine Optiati=s

Mode of operation

(%) Time
) Date

Universal time, UTC

Decay Tree

Activate features

Start in Background
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Starting date /time
13.01.198212:15:30| | ] |08.06.201210:27:20| ] [30.4015
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